Plasmid-borne copper resistance has been reported in several plant-pathogenic and saprophytic bacteria where copper compounds are used as antimicrobial sprays on agricultural plants (1, 3, 5, 6, 9, 26, 27) . The copper-inducible resistance operon (cop) of Pseudomonas syringae contains four genes, copABCD, all of which are required for the expression of full copper resistance (2, 18, 19) . Strains of P. syringae containing the cop operon accumulate copper in the periplasm and outer membrane, apparently as a mechanism to prevent toxic levels of copper from entering the cytoplasm (4, 7, 8) . CopA and CopC are abundant periplasmic copperbinding proteins, and CopB is associated with copper accumulation in the outer membrane (4) . No specific function for CopD has been determined yet.
Copper hypersensitivity. Derivatives of P. syringae PS61 (Table 1) containing different subcloned components of the cop operon were grown on mannitol-glutamate agar medium (14) supplemented with 0.25 g of yeast extract per liter (MGY medium) and were used to inoculate MGY broth supplemented with tetracycline (20 ,ug/ml (Table 1) . Hypersensitivity to copper determined by cop genes was not reported in previous work in which most of these same subclones (pCOP12A, pCOP13A, pCOP27A, pCOP29A) were used (18) . The method used for MIC determination in the study of Mellano and Cooksey (18) consisted of growing the strains in MGY broth in the wells of sterile microtiter plates with different amounts of copper added, and turbidity was recorded after 60 to 72 h of incubation at 28°C (17) . In this study, spontaneous copper-insensitive mutants of the hypersensitive strains grew to turbidity within 20 to 36 h after inoculation into copper-containing media. Therefore, the hypersensitivity of certain cop gene combinations was not detected in the earlier study.
MIC measurements were taken at 24 h after the bacteria were subcloned into MGY medium containing copper sulfate, when bacteria grown in the presence of subinhibitory concentrations of copper had reached stationary phase. After this time, however, the hypersensitive strains recovered and resumed normal growth (Fig. 1) . To determine growth curves, overnight cultures were diluted in MGY broth to a density of 50 Klett units, and 1-ml portions of the diluted cultures were inoculated into 50-ml portions of MGY The copper hypersensitivity associated with specific combinations of cloned genes of the cop operon suggests that part of the operon (copCD) may function in cellular copper uptake. Similar observations led to the discovery of a mercury transport system (merTP) associated with the mercury resistance operon (12, 20) . CopC is a periplasmic protein (4), and CopD is probably an inner membrane (18) has several hydrophobic stretches that could be membrane-spanning regions (Fig. 2) . Previous work indicated that both copC and copD were required for full copper resistance in P. syningae, but subclones in which both of these genes were deleted still exhibited a low level of copper resistance from copAB (18) . These observations are consistent with the hypothesis that the combination copCD functions in copper uptake, possibly as a mechanism to balance the periplasmic copper-sequestering activity of the abundant, multiple-copper-binding CopA and the activity of CopB and the outer membrane (4).
Copper accumulation. Bacteria were grown in 250 ml of MGY broth supplemented with tetracycline (10 ,ug/ml) to a density of 110 to 120 Klett units, and copper sulfate was then added to a final concentration of 0.2 mM. The cultures were incubated for an additional 20 min and then harvested by centrifugation. The cell pellets were washed once with 0.15 M NaCl and lyophilized. The dry weight of each lyophilized cell pellet was measured, and the copper content was determined after acid dissolution of the bacterial cells by the method of Ganji and Page (13) . Metal concentrations were measured with an atomic absorption spectrophotometer (model 5000; Perkin-Elmer). Three replicate cultures were used for each bacterial strain.
Copper accumulation was 40% greater in hypersensitive strain PS61(pCOP12A) containing copCD than in PS61 containing only the vector pRK415 (Table 1) . Strains containing all of the other combinations of cop genes tested also showed greater copper accumulation than the wild type (P = 0.05). This was expected, since these combinations all encoded known copper-binding periplasmic proteins (4) . However, copper accumulation by strains PS61(pCOP13A) and PS61(pCOP65), containing either copC or copD alone, was not significantly different from copper accumulation by the wild type at the 1% level.
Plasmid-determined copper resistance has also been described in E. coli (28) , and sequence analysis has revealed similarities between the E. coli genes (pcoABCD) and the cop genes in Pseudomonas sp. (25) . Copper resistance determined by the pco system involves an efflux rather than an accumulation of copper (23, 24) , however. In addition, copper resistance plasmid pRJ1004 carrying thepco genes of E. coli is associated with sensitivity to zinc (28) , but this has not been observed with cop-containing plasmid pPT23D (data not shown) or with cloned components of the cop operon, as shown in this study. Additional chromosomal genes that function in copper uptake (cutA through cutF) are required for resistance and apparently for normal transport and management of cellular copper in E. coli (21, 22 
